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Offshore sediments off Anjengo contain garnet grains that vary 
from light to dark pink and shades of red in colour and 
morphology from sub-rounded to irregular shapes. These garnets 
of the area are mainly almandine-pyrope variety with low 
grossular and spessartine. Electron Probe Micro analysis data 
indicated that the garnet grains have a good concentration of 
REEs (0.17 – 0.53 wt %). During partial melting and anatexis, 
REE from accessory minerals such as monazite, 
xenotime, and zircon might have got entrapped in garnet resulting 
in the enrichment of REE in Anjengo garnet. 
[Keywords: Anjengo, Garnet, Offshore, REE] 
Introduction 
Garnet is a common mineral in metamorphic rocks 
and is characterised by the abundance of trace 
elements like Sc, V, Co and Ni. Many authors have 
studied the placer deposits of the West Coast of India 
in terms of provenance, mineralogy, geochemistry 
and sedimentology
1-3
. But only limited investigations 
were carried out on the geochemistry of garnets. 
Ravindra Kumar and Sreejith
4
 have compared major 
element composition of garnet in the source rocks and 
placer deposits to decipher the provenance. They 
suggested, based on the chemical composition of 
garnets, that the placer minerals of Kerala coast are 
derived from Khondalites or similar rocks in the 
source region. High concentration of REE in detrital 
garnet about 816 to 7472 ppm is reported in randomly 
selected six samples from Indian cost
5
. Panda et al.
6 
have reported REE data of detrital garnets with 
predominance of the heavy rare earths in 
Kalingapatanam Coast, Andhra Pradesh. These 
garnets are essentially of the almandine-pyrope 
variety and have a high concentration of REE (∑REE 
oxides: 0.15 – 0.53 %) with predominance of HREE. 
Enrichment of REE is found in the same variety of 
garnets at Anjengo, Kerala, varying from 0.12 to 0.53 
wt % REE. Present data indicate the dominance of 
LREE in Anjengo garnet, though some samples 
recorded enrichment of HREE. 
 
Materials and Methods 
During the cruise SD-274 of R V Samudra 
Shaudhikama of Geological Survey of India, swath 
bathymetry and heavy mineral investigations were 
carried out in the territorial waters off the Anjengo 
coast, 45 km south-west of Kollam, Kerala (Fig 1.). 
Water depth in the study area ranges between 12 and 
56 m with the seabed dipping towards the south-west. 
The offshore sediments contain heavy minerals such 
as ilmenite, sillimanite, garnet, monazite, zircon, 
leucoxene and rutile. 
Four offshore samples were randomly selected as a 
representative of the entire area from north to south. 
Initially, these samples were washed with distilled 
water to remove salts and then treated with 15 % 
H2O2 to remove organic matter. Shell carbonates were 
removed by treatment with 10 % HCl. The samples 
were then wet-sieved using a 230 mesh ASTM sieve. 
This was followed by dry sieving and heavy mineral 
separation using bromoform. The heavy minerals 
were identified under the binocular microscope and 
15 grains of each heavy mineral were hand-picked for 
Electron Probe Micro Analysis (EPMA) which was 
carried out at the National Centre of Excellence in 
Geological Research (NCEGR), GSI, Bangalore’s 
EPMA Lab, using CAMECA SX 100 electron 
microprobe. Accelerating voltage 20 keV and 20 nA 
beam current were used during the analysis. Probe 
spot was approximately 1 µm. Hand-picked grains of 
garnets were scanned under VEGA3 (TSCAN make) 
Scanning Electron Microscope at SEM Lab, GSI SR, 
Hyderabad. The grains were glued on to the stubs, 
coated with gold and examined. The EPMA data 
show that the analysed garnets are unusually enriched 
in REE and therefore this note describes the REE data 
of only garnets. 
 
Results 
The colour of garnet grains varies from light to 
dark pink and shades of red, and morphology from 
sub-rounded to irregular shapes. EPMA data 




pertaining to garnet are presented in Tables 1 and 2. 
Mineral chemistry of garnet samples shows that 
garnets of the area are mainly almandine-pyrope 
variety (Alm49.20-77.53 - Pyr16.36-45.4; Table 1) with low 




Generally, garnets exhibit very low concentration 
of REE unlike other silicate minerals such as allanite, 
gadolinite, titanite and chondrite. However, the 
present study shows that the Anjengo garnets are 
enriched in total REE relative to chondrites
7
 (≈800 
times of chondrite). ƩREE (La-Lu) in the garnet 
varies from 0.12 to 0.53 wt % with a predominance of 
LREE (0.1 – 0.47 wt %). The concentration of 
individual REE ranges from 0.01 to 0.12 wt % with 
an average of 0.02 wt % La, 0.01 – 0.03 wt % with an 
average of 0.004 wt % Ce, 0.03 – 0.09 wt % with an 
average of 0.01 wt % Pr, 0.02 – 0.09 wt % with an 
average of 0.03 wt % Nd, 0.02 – 0.37 wt % with an 
average of 0.13 wt % Sm, 0.01 – 0.07 wt % with an 
average of 0.02 wt % Eu, 0.01 – 0.06 wt % with an 
average of 0.01 wt % Gd, 0.03 – 0.12 wt % with an 
average of 0.01 wt % Dy, 0.02 – 0.07 wt % with an 
average of 0.01 wt % Ho, 0.03 – 0.11 wt % with an 
average of 0.02 wt % Yb and 0.02 – 0.09 wt % with 
an average of 0.02 wt % Lu. 
 
Discussion 
Many models have been proposed to explain the 
enrichment of REE in garnets. Lottermoser
8
  
suggested that the REE occur in the crystallographic 
sites of garnets and there is no correlation of  
REE concentration with major element chemistry and 
therefore the crystal structure of garnet does not  
affect the incorporation of REE. Normally extraneous 
elements in a mineral get substituted in the  
crystal structure by replacing existing elements; for 
this kind of substitution, called diadochic substitution, 
the replacing and replaced elements should  
have identical ionic radii. The probable reason  
for the enrichment of HREE in metamorphic garnet is 
due to the prograde break-down of HREE rich 
minerals such as xenotime or some other HREE rich 
transient phase
9
 and incorporation into garnet. The 
almandine variety of garnet in granite exposed to 
extensive weathering in the coastal Cordillera of 






Fig. 1 — Location map of the study area 
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Scanning Electron Microscope studies revealed the 
occurrence of many micro-inclusions of monazite and 
zircon in fractures of Anjengo Garnet (Fig. 2A-C). 
Monazite is the most abundant LREE rich accessory 
mineral in khondalite or granulite rocks where it 
appears as isolated minute crystals. Similarly, zircon 
is the most common accessary mineral, which contain 
micron-sized inclusions and may form complex inter-
growths with xenotime
11
. Zircon is isostructural with 
xenotime and forms solid solution, which introduces 





, 95 wt % of REE except Eu in 
granite and crustal protoliths reside within the REEY 
rich accessories. Hence, it is concluded that during 
partial melting and anatexis, REE from accessary 
minerals such as monazite, zircon and xenotime might 






























SiO2 39.26 38.08 39.01 37.89 36.54 37.04 36.88 41.31 40.07 39.19 40.82 39.22 39.17 37.9 38.741 
TiO2 0.06 0.06 0 0.05 0.01 0.09 0 0.05 0.04 0.03 0.06 0.06 0.08 0.1 0.049 
Al2O3 21.27 21.71 21.37 21.31 21.39 22.75 21.99 21.29 21.22 20.78 21.81 20.97 20.95 21.27 21.434 
Cr2O3 0 0.08 0 0.04 0.04 0.07 0.04 0 0 0 0 0 0 0 0.019 
FeO 32.45 32.64 33.77 30 34.76 26.21 33.98 28.01 31.83 32.74 29.1 29.76 29.4 32.36 31.215 
MnO 0.45 0.36 0.45 0.35 0.82 0.68 0.71 0 0 0 0 0 0 0 0.273 
MgO 7.16 7.47 6.07 9.23 4.01 11.28 4.42 7.92 5.87 4.26 8.29 7.92 8.04 4.2 6.867 
CaO 0.86 0.71 0.84 0.9 2.54 1.33 2.62 0.86 1.01 1.72 0.76 0.76 0.88 2.78 1.326 
Na2O 0 0 0 0.01 0 0.01 0 0.01 0.00 0.00 0 0.01 0.03 0 0.005 
P2O5 0 0.09 0 0.02 0 0 0 0.00 0.12 0.06 0.01 0 0.05 0 0.025 
PbO 0 0 0.1 0 0 0 0 0.00 0.03 0.00 0.04 0.02 0 0 0.014 
ZrO2 0 0 0 0.08 0 0.04 0 0.00 0.02 0.00 0.02 0 0 0.01 0.012 
ThO2 0 0.05 0 0 0 0 0.02 0.00 0.00 0.00 0 0.06 0 0 0.009 
Total 101.7 101.66 101.97 100.08 100.29 99.76 101.26 99.70 100.53 99.21 101.33 99.04 98.74 99.21 100.320 
End member composition based on 12 Oxygen 
Almandine 68.59 67.96 72.79 60.36 74.29 49.20 72.89 65.97 73.67 77.53 65.64 65.96 65.10 74.97 68.208 
Andradite 1.36 1.75 0.49 2.42 1.93 2.88 0.52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.811 
Grossular 1.06 0.00 1.88 0.00 5.39 0.74 6.96 2.45 2.89 5.04 2.12 2.20 2.55 8.07 2.954 
Pyrope 28.00 29.24 23.83 36.31 16.36 45.40 17.87 31.58 23.45 17.42 32.24 31.84 32.36 16.96 27.347 
Spessartine 1.00 0.80 1.00 0.78 1.90 1.56 1.63 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.620 
Uvarovite 0.00 0.25 0.00 0.13 0.13 0.22 0.13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.061 
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.000 
 






























La 0.00 0.01 0.00 0.00 0.00 0.00 0.12 0.00 0.00 0.01 0.03 0.00 0.04 0.09 0.02 
Ce 0.00 0.01 0.00 0.03 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pr 0.03 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.01 
Nd 0.02 0.05 0.09 0.00 0.02 0.00 0.06 0.02 0.00 0.00 0.09 0.00 0.00 0.00 0.03 
Sm 0.08 0.22 0.23 0.05 0.05 0.12 0.05 0.09 0.14 0.18 0.19 0.10 0.02 0.37 0.13 
Eu 0.05 0.02 0.00 0.01 0.03 0.00 0.07 0.01 0.05 0.03 0.03 0.00 0.02 0.01 0.02 
Gd 0.00 0.00 0.00 0.03 0.06 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 
Tb 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Dy 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.12 0.03 0.00 0.00 0.00 0.01 
Ho 0.00 0.00 0.00 0.02 0.00 0.00 0.04 0.07 0.00 0.00 0.00 0.00 0.00 0.03 0.01 
YB 0.00 0.00 0.00 0.04 0.00 0.11 0.00 0.00 0.03 0.00 0.00 0.04 0.00 0.00 0.02 
Lu 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.08 0.04 0.00 0.09 0.02 0.02 0.02 
∑LRE
E 
0.17 0.30 0.32 0.11 0.16 0.13 0.40 0.13 0.19 0.22 0.35 0.10 0.10 0.47 0.23 
∑HRE
E 
0 0.06 0.00 0.06 0.00 0.11 0.12 0.11 0.10 0.17 0.03 0.13 0.02 0.05 0.07 
∑REE 0.17 0.36 0.32 0.18 0.16 0.23 0.52 0.24 0.30 0.39 0.37 0.23 0.12 0.53 0.29 
 




have got entrapped in garnet resulting in the 
enrichment of REE in Anjengo garnet. A detailed 
study is required to precisely understand the process 
for the enrichment of REE in garnets. 
Due to the unique electrical, metallurgical, 
catalytic, nuclear, magnetic and luminescent 
properties, REE are extensively used in hybrid 
vehicles, rechargeable batteries, wind turbines, cell 
phones, laptops, flat screen display panels, compact 
fluorescent light bulbs, disks drives, catalytic 
converters, permanent magnets, medical devices and 
glass industries. REE are strategically very important 
due to their use in diverse technologies which is very 
essential for daily life. Global demand for REE has 
increased significantly due to their usage in modern 
high-end technologies, including consumer electronics, 
computers, clean energy, and several defence 
applications. 
Currently REE are extracted from carbonate  
and phosphate minerals such as bastaenesite, 
xenotime and monazite, besides the ion  
adsorbed clays. REE also occur in many silicate 
minerals such as allanite (upto 20 % REE) and, as 
reported here, garnets. Though extraction of REE  
from silicates is cumbersome, there are reported 
attempts with success to recover these valuable 
elements from silicates and so many allanite-rich 
alkaline granites may turn out to be potential  
REE resources. There is an urgent need to conduct 
studies on the REE concentrations in placer  
garnets of both the East and West Coasts, especially 
those which are being exported now. In case they turn 
out to be enriched in REE as this note proves, the 
garnet export policy and pricing would need an urgent 
relook. 
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